A new Mn-based complex of {[Mn(L)2(mi)]·H2O}n (1) (HL = p-hydroxy phenylacetic acid; mi = 1,1'-(1,4-butanediyl)bis(imidazole)), has been synthesized and structurally characterized. Single-crystal X-ray analyses reveal that compound 1 has a dinuclear Mn(II) unit linking by four carboxylate groups. The bridging Ndonor ligand with mi links the Mn(II) centers into a 1D double chain. The detailed analyses of Hirschfeld surface and fingerprint plots provide insight into the nature of non-covalent interactions in the title compound. Furthermore, an attempt was made to explain the magnetic property of compound 1 using atoms in molecule (AIM) theory.
INTRODUCTION
Coordination polymers (CPs) have attracted intense attention in recent years because of their intriguing structures and potential applications as functional materials [1] [2] [3] . Flexible carboxylic acids are good candidates for the construction of new coordination polymers as the carboxyl groups can form C-O-M-O cyclic mode with central metal ions, thus, improving the stability of transition metal complexes [4] . Furthermore, such types of the carboxylate and carboxyl groups are always actively involved in H-bonding interactions, which results in many interesting structures with higher dimensions [5] [6] [7] [8] [9] [10] .
On the other hands, most of MOFs with mixed-ligands have been reported [11] [12] [13] . The combination of different ligands can result in greater modulation of structural frameworks than single ligand. Hence, mixed-ligands are undoubtedly a good choice for the construction of new polymeric structures. In particular, coordination compounds with flexible ligands exhibit more complex structural peculiarity due to the characteristics of flexible ligands, namely, the configurations of functional groups were changeful. Therefore, we selected two flexible ligands HL and mi as the primary ligands for coordination to the Mn salt to synthesize the compound. We report here the synthesis of a dinuclear Mn(II) complex with mixed co-ligands. The compound 1 was characterized by single crystal X-ray diffraction. Subsequently, the compound was analyzed for their crystal packing. In order to evaluate the nature and energetic associated with intermolecular interactions in the crystal packing, the detailed analyses of Hirschfeld surface and fingerprint plots calculations were performed. The total lattice energy is partitioned into the corresponding Columbic, polarization, dispersion and repulsion energies. Furthermore, an attempt was made to explain the magnetic property of compound 1 using atoms in molecule (AIM) theory.
EXPERIMENTAL

Materials and method
All reagents were purchased from commercial sources and used as received. IR spectra were recorded with a Perkin-Elmer Spectrum One spectrometer in the region 4000-400 cm -1 using KBr pellets. TGA was carried out with a Metter-Toledo TA 50 in dry dinitrogen (60 mL.min -1 ) at a heating rate of 5 o C min -1 . X-ray powder diffraction (XRPD) data were recorded on a Rigaku RU200 diffractometer at 60 KV, 300 mA for Cu K α radiation (λ = 1.5406 Å), with a scan speed of 2 o C/min and a step size of 0.013 o in 2θ. Magnetic susceptibility data of powdered sample restrained in parafilm were measured on Oxford Maglab 2000 magnetic measurement system in the temperature range 300-1.8 K and at field of 1 KOe.
X-Ray crystallography
Single crystal X-ray diffraction analysis of the title compound was carried out on a Bruker SMART APEX II CCD diffractometer equipped with a graphite monochromated Mo radiation (λ = 0.71073 Å) by using /ω scan technique at room temperature. Data were processed using the Bruker SAINT package and the structures solution and the refinement procedure was performed using SHELX-97 [14] . The structure was solved by direct methods and refined by full-matrix least-squares fitting on F 2 . The hydrogen atoms of organic ligands were placed in calculated positions and refined using a riding on attached atoms with isotropic thermal parameters 1.2 times those of their carrier atoms. The hydrogen atoms of lattice water molecule in compound 1 were located using the different Fourier method. Table 1 shows crystallographic data of 1. Selected bond distances and bond angles are listed in Table 2 . CCDC: 1044526. 
Hirshfeld surface analysis
Molecular Hirshfeld surfaces [15] in the crystal structure were constructed on the basis of the electron distribution calculated as the sum of spherical atom electron densities [16, 17] . For a given crystal structure and a set of spherical atomic densities, the Hirshfeld surface is unique [16] . The [18, 19] provides a summary of intermolecular contacts in the crystal [15] . The Hirshfeld surfaces mapped with d norm and 2D fingerprint plots were generated using the Crystal-Explorer 2.1 [19] . Graphical plots of the molecular Hirshfeld surfaces mapped with d norm used a red-white-blue colour scheme, where red highlight shorter contacts, white represents the contact around vdW separation, and blue is for longer contact. Additionally, two further coloured plots representing shape index and curvedness based on local curvatures are also presented in this paper [20] .
(1) Table 2 . Selected bond distances (Å) and angles (deg) of structure 1. 
Synthesis of the complex {[Mn(L) 2 (mi)]·H 2 O} n (1)
A mixture of Mn(NO 3 ) 2 •4H 2 O (0.0410 g), HL (0.0116 g), mi (0.0350 g), CH 3 OH (5 mL) and deionised water (5 mL) was stirred for 30 min in air. The resulting solution was kept at room temperature for one week, the crystals formed were filtered off, washed with water and dried in air. C 26 
RESULTS AND DISCUSSION
{[Mn(L) 2 (mi)]·H 2 O} n (1)
The results of crystallographic analysis revealed that the asymmetric unit of complex 1 contains one Mn(II) atom, two L anions, one mi ligand, and one lattice water molecule. As shown in Figure 1 , the L ligand adopts two coordination modes. Two O atoms of one carboxylate group exhibit a bismonodentate coordination mode to bridge two Mn centers, whereas the other carboxylate group coordinates to one Mn center by adopting a monodentated coordination fashion. Two Mn(II) are both five-coordinated with a trigonal bipyramid geometry. Mn1 is coordinated by three carboxyl groups from three different L ligands, and two N1 and N4 from two mi ligands. The Mn-O/N lengths are in normal, which are similar with those reported polymers [13] [14] [15] Displacement ellipsoids are drawn at the 30% probability level and H atoms are omitted for clarity (symmetric code (i) x, y, z; (ii) -x, -y, -z). The one-dimensional structure of 1 is stabilized by multiple hydrogen-bonding interactions involving carboxylate ligand, free water molecule and phenolic group. The donor-acceptor bond distances, O-H···O, are in the range of 2.680(8) -3.129(7) Å (Table 3 ). These hydrogen bonds link different 1D double-stranded chains to form a 2D network. , are on the order of 200 cm -1 indicating that carboxyl groups are coordinated to the metal in a mono-dentate and bidentate modes [22] , consistent with the observed X-ray crystal structure of 1.
To study the stability of the polymer, thermogravimetric analyses (TGA) of complex 1 was performed. The TGA diagram of 1 showed two weight loss steps. The first weight loss began at 35 o C and completed at 165 o C. The observed weight loss of 3.3% is corresponding to the loss of the water molecule (calcd 3.2%). The second weight loss occurs in the range 250−600 o C, which can be attributed to the elimination of L and mi ligands.
Additionally, to confirm the phase purity and stability of compound 1, the original sample was characterized by X-ray powder diffraction (XRPD). Although the experimental patterns have a few unindexed diffractions lines and some are slightly broadened in comparison to those simulated from single-crystal models, it can still to be considered that the bulk synthesized materials and as-grown crystal are homogeneous for compound 1.
Magnetic property
The χ M T value for the complex 1 was 8.51 cm 3 K mol −1 at 300 K, and this is close to the spinonly value (8.75 cm 3 K mol −1 ) for the dimer of S = 5/2 ions ( Figure 3 ). When decreasing the temperature, a significant drop was observed below 50 K, and reached to 0.79 cm 3 K mol −1 at 2 K. This indicates an anti-ferromagnetic interaction between manganese(II) ions. In the χ M versus T plot, a maximum was observed at T max = 6-7 K, and this corresponds to the 2J value of -1.45 --1.70 cm -1 (H = -2JS A ·S B ), judging from the relationship |2J| / kT max = 0.347. Cryomagnetic data were analyzed according to the standard equation for S A = S B = 5/2 system (equations 2, 3) [23] . 
The optimized parameters were 2J = −1.48 cm −1 and g = 2.03 cm −1 . The obtained 2J value is consistent with the value obtained based on the T max value, and the antiferromagnetic interaction was observed between manganese(II) ions. [26] , which exhibits an intramolecular antiferromagnetic interaction between Mn(II) and NIT(Ph-m-OPh). A dinuclear complex of manganese(II), [Mn(L)(μ-1,5-dca)(CH 3 OH)] 2 , with dicyanamide anion and (E)-3-hydroxy-N′-(pyridin-2-ylmethylene)-2-naphthohydrazide (HL) was synthesized. It also shows an antiferromagnetic interaction between adjacent manganese ions in the dimer [27] . These compounds and the title compound also have an antiferromagnetic interaction between adjacent manganese ions due to similar parameter Φ bend of Mn-O-C-O-Mn [28] .
Hirshfeld surface analysis
The Hirshfeld surfaces for the complex 1 is illustrated in Figure 4 
Atoms in molecule (AIM) calculations
To confirm the presence of Mn•••Mn bond critical points (bcp) were calculated for for the dimer (Figure 6 ) by using the Atoms in Molecules theory [29] . The bond critical points though observed between the Mn and O in dimer but no Mn•••Mn interaction was observed. The absence of bond critical points between two Mn centers undoubtedly verifies the antiferromagnetic interaction which was observed at or below 50 K. 
CONCLUSION
In conclusion, we have presented synthetic strategy that successfully achieved one dinuclear Mn-based complex 1, which shows the antiferromagnetic interaction between the Mn(II) ions. The observed antiferromagnetic interaction has been corroborated using AIM theory which also establishes that no Mn•••Mn interaction is operating within the molecule. This observation indicates that ligand engineering can promote Mn•••Mn interaction which can eventually lead to significant drop in the ferromagnetism even at the elevated temperature.
